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, $\Gamma$ $\mathcal{F}$ , $C$
$L+$ $\mathcal{F}$ $G_{\gamma}+\mathcal{F}$ $W_{\beta}$ ( )
([4]). , $\Gamma$ , $\mathcal{F}$
, , $\Gamma$ ( ) $C$
. $C$ ,




$C$ , $C$ $\Gamma$ $\mathcal{F}$ ,
2 ,
$\mathcal{F}$ . , , $C$ (Definition 2.1).
, ,
, Jacobi (Lemma 3.1). , ,
$C$
, . , , ,
(Theorems $4.1\sim 4.4$). ,
(Lemma 3.2 (v), (vi)) Lemma 4.1 .
, , [6], [8], [7] ,
1 .
. 2 , Euler-Lagrange ,
2 , . 3 , .
4 , .
, , Bennett Palmer (Idaho State University, USA) [4]
.
2Euler-Lagrange 2
$\Gamma$ . $\Sigma$ 2 $C^{\infty}$
, $S^{1}$ $\Sigma$ . $\partial\Sigma$ 2 $\sigma,$ $\rho$ .
,
$\Sigma=\sigma\cap\rho$ , $\sigma\cap\rho=\{\zeta_{1}, \zeta_{2}\}$
.
$X=(x, y, z)$ : $\Sigmaarrow \mathrm{R}^{3}$




$*1\text{ ^{}\backslash }\backslash \text{ }\not\supset^{-\text{ }}$ . $\text{ }\backslash \text{ _{}\mathrm{e}}\mathrm{k}\overline{\mathcal{D}}|^{-}.4$ \check \supset \emptyset l‘h &\epsilon \not\in \mbox{\boldmath $\tau$}6.
$A(X):= \int_{\Sigma}d\Sigma$ , $L(X):= \int_{\rho}|dX|$ ,
$G_{\gamma}(X):= \gamma\int_{\Sigma}zd\Sigma$, $W_{\beta}(X):= \beta\int_{\sigma}|dX|$ .
, $d\Sigma$ $X$ $\Sigma$ , $\gamma$ $\beta$ .
, $A(X)$ $X$ , $L(X)$ $X(\rho)$ , $G_{\gamma}(X)$ $X$
, $W_{\beta}(X)$ . , $X$ $\Gamma$
, $\gamma\geq 0,$ $\beta\leq 0$ .
$X$ $X_{\epsilon}$ : $\Sigmaarrow \mathrm{R}^{3}(X_{0}=X)$ ,
$X_{\epsilon}(\sigma)\subset\Gamma$ (1)
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. , $X_{\epsilon}$ $X$ . $X$ $\Sigma$
$n$ . $\rho$ $\tilde{\rho}$ : $[\alpha_{1}, \alpha_{2}]arrow\rho$ , $\tilde{\rho}(\alpha_{i})=\zeta_{i},$ $i=1,2$ ,
$\dot{X}\mathrm{x}n=|\dot{X}|\nu$ . ,
$\dot{X}=\dot{X}|_{\rho}:=\frac{\partial(X|_{\rho}\circ\tilde{\rho})}{\partial t}$
, $t$ $[\alpha_{1}, \alpha_{2}]\subset \mathrm{R}$ . , $\tilde{\sigma}$ : $[\delta_{1}, \delta_{2}]arrow\sigma$ $\sigma$
, $\tilde{\sigma}(\delta_{1})=\zeta_{2},\tilde{\sigma}(\delta_{2})=\zeta_{1},\dot{X}\cross n=|\dot{X}|\nu$ . ,
$\dot{X}=\dot{X}|_{\sigma}:=\frac{\partial(X|_{\sigma}0\tilde{\sigma})}{\partial t}$
, $t$ $[\delta_{1}, \delta_{2}]\subset \mathrm{R}$ .
$X$ $H$ , $X|_{\partial\Sigma}$ , , , $\kappa_{n},$ $\kappa_{g}$ .
$A(X),$ $L(X),$ $G_{\gamma}(X),$ $W_{\beta}(X)$ 1 , .
Proposition 21(Euler-Lagrange equation) $\dot{X}|_{\sigma}(\delta_{2})$ $\dot{X}|_{\rho}(\alpha_{1})$ $\theta_{1}$ ,
$\dot{X}|_{\rho}(\alpha_{2})$ $\dot{X}|_{\sigma}(\delta_{1})$ $\theta_{2}$ . (1) $X$
1 $\delta(L+G_{\gamma}+W_{\beta})=0$ , $X$
, : $\kappa_{0}\in \mathrm{R}$ ,
$2H(\gamma z+c)-\gamma\nu^{3}=0$ on $\Sigma$ ,
$\kappa_{n}=0$ , $\kappa_{g}=\gamma z+c\kappa_{0}$ on $\rho$ , $\cos\theta_{1}=\cos\theta_{2}=\beta$
.
, $\Gamma$
$l_{1}=\{(x_{0},0, z)|z<a\}$ , $l_{2}=\{(x, 0, a)|x_{0}\leq x\leq x_{1}\}$ ,
$l_{3}=\{(x_{1},0, z)|z<a\}$ , $x_{0}<x_{1}$ , $\Gamma=l_{1}\cup l_{2}\cup l_{3}$
. , $\mathcal{F}:=X(\Sigma)$ , ,
$xz$- , . , $C$ , $l_{1},$ $l_{3}$
. , , $C(s)=(x(s), z(s))$
( $s$ , $0\leq s\leq L,$ $x(0)=x_{0},$ $x(L)=x_{1},$ $x_{0}<x(s)<x_{1}(\forall s\in(0,$ $L))$ ) I
. $C\cup\Gamma$ $\mathcal{F}$ . $C$
$n$ , $\mathcal{F}$ , $n$ $C$ $\kappa$ .
$\mathcal{F}$
$\mathcal{F}_{\epsilon}$ $C$ $C_{\epsilon}(s)=(x_{\epsilon}(s), z_{\epsilon}(s))$
$x_{\epsilon}(0)=x_{0}$ , $x_{\epsilon}(L)=x_{1}$ (2)
.
, , $\nu=(0, -1,0)$ , Euler-Lagrange
, Proposition 2.1 .
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Corollary 2.1 (Euler-Lagrange equation) (2) $\mathcal{F}$
1 $\delta(L+G_{\gamma}+W_{\beta})=0$ , $C$
, : $\kappa_{0}\in \mathrm{R}$ ,
$\kappa=\gamma z+\kappa_{0}$ , (3)
$-z’(0)=\cos\theta_{1}=\beta=\cos\theta_{2}=z’(L)$ (4)











, , (3), (4) $C$ .
$C”=\kappa n$ $x”=\kappa z’$ . $C$ (3) (5) ,
$0=[x’]_{0}^{L}= \frac{\gamma}{2}[z^{2}]_{0}^{L}+\kappa_{0}[z]_{0}^{L}$
. ,







, $A(X),$ $L(X),$ $G_{\gamma}(X),$ $W_{\beta}(X)$ .
$A[C]$ $:=$ $A(X)=- \int_{C}zdx+c_{1}$ , $c_{1}:=(x_{1}-x_{0})a$ ,
$L[C]$ $:=$ $L(X)= \int_{C}ds$ ,
$G_{\gamma}[C]$ $:=$ $G_{\gamma}(X)=(- \gamma/2)\int_{C}z^{2}dx+c_{2}$ , $c_{2}:=(\gamma/2)(x_{1}-x_{0})a^{2}$ ,
$W_{\beta}[C]$ $:=$ $W_{\beta}(X)=\beta[(a-z(0))+(a-z(L))+(x_{1}-x_{0})]$ .
149
, $|\beta|\ovalbox{\tt\small REJECT} 1$ , $C$ Euler-Lagrange (3), (4) .
(2) $C$
$\mathrm{Q}(s)\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT} C(s)+\epsilon(p(s)n(s)+q(s)C’(s))+\mathcal{O}(\epsilon^{2})$.




$\epsilon=0$ , (3), (4) ,
$\delta^{2}(L+G_{\gamma}+W_{\beta})=\delta^{2}(L+G_{\gamma}+W_{\beta}+\kappa_{0}A)=\frac{d}{d\epsilon}|_{\epsilon=0}[\frac{d}{d\epsilon}(L+G_{\gamma}+W_{\beta}+\kappa_{0}A)]$
$=$ $\frac{d}{d\epsilon}|_{\epsilon=0}[\int_{C}(-\kappa+\gamma z+\kappa_{0})\langle\delta C, n\rangle ds+[\langle\delta C, C’\rangle]_{0}^{L}-\beta((\delta z)(L)+(\delta z)(0))]$
$=$ $\int_{C}(\frac{\partial}{\partial\epsilon}|_{\epsilon=0}(-\kappa+\gamma z+\kappa_{0}))\cdot\langle\delta C, n\rangle ds+\frac{d}{d\epsilon}|_{\epsilon=0}[[\langle\delta C, C’\rangle]_{0}^{L}-\beta[\langle\delta C,\overline{C}’\rangle]_{0}^{L}]$
. ,
$\overline{C}’(L):=E_{3}=(0,1)$ , $\overline{C}’(0):=-E_{3}=(0, -1)$
. , $\langle$ , $\rangle$ $\mathrm{R}^{2}$ . , 2
.
Proposition 22( 2 ) $C$ (3), (4) .
$\theta:=\theta_{1}=\theta_{2}$ . (2) $C$ 2









Lemma 22 , (Barbosa-do Carmo [1])
.
Lemma 22 $C$ (3), (4) .
(i) $|\beta|<1$
$\circ$
. $C^{\infty}$ $p:[0, L]arrow \mathrm{R}$ $\int_{0}^{L}pds=0$ ,
(2) $C$ $C_{\epsilon}$ , $\langle\delta C, n\rangle=p$ .
(ii) $|\beta|=1$ . $C^{\infty}$ $p:[0, L]arrow \mathrm{R}$ $\int_{0}^{L}pds=0$ $p(0)=p(L)=0$
, (2) $C$ $C_{\epsilon}$ , $\langle\delta C, n\rangle=p$
.
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, Euler-Lagrange (3), (4) $C$ , $F_{0},$ $F$
.
$F_{0}$ $:=$ $\{$
$C^{\infty}([0, L])$ , $|\beta|<1$ ,
$\{p\in C^{\infty}([0, L])|p(0)=p(L)=0\}$ , $|\beta|=1$ ,
$F$ $:=$ $\{p\in F_{0}|\int_{0}^{L}pds=0\}$ .
$C$ .
Definition 2.1 ( ) $C$ (3), (4) . $p\in F$
$\mathrm{I}(p)\geq 0$ $C$ , .
, $p\in F_{0}$ $\mathrm{I}(p)\geq 0$ , $C$ .
3
(3) 2 , . ,
, $x$
. , .
$C=(x, z)$ : $Iarrow \mathrm{R}^{2},$ $I\subset \mathrm{R}$ (3) , $s$
. , $I$ . $\gamma=0$ ,
. , , $\gamma\neq 0$ . $C”=\kappa n$ ,
$x”=\kappa z’$ , $z”=-\kappa x’$ (8)
. $\cos\sigma:=x’,$ $\sin\sigma=z’$ , (8)
$z’=\sin\sigma$ , $\sigma’=-\kappa=-(\gamma z+\kappa_{0})$
. , $\sigma$
$\sigma’’=-\gamma\sin\sigma$ (9)












. $\omega\equiv 0$ . ,
,
$0< \frac{a+2\rho}{4\rho}=:\chi^{2}$ , $\chi>0$
. , $s$ $s+$ , (11)
[ (cf. Lawden[5, Chapter 5]).
Lemma 3.1 Case (i) $\chi^{2}<1$ . , .
$\sin(\omega/2)=\chi \mathrm{s}\mathrm{n}(\sqrt{\rho}s, \chi)$ , $\cos(\omega/2)=\mathrm{d}\mathrm{n}(\sqrt{\rho}s, \chi)$ .
Case (ii) $\chi^{2}>1$ . , .
$\sin(\omega/2)=\mathrm{s}\mathrm{n}(\sqrt{\rho}s/\chi, \chi)$ , $\cos(\omega/2)=\mathrm{c}\mathrm{n}(\sqrt{\rho}s/\chi, \chi)$ .
, $a>2\rho$ , (11) $\omega’\neq 0$ , , $\kappa\neq 0$ .
Case(iii) $\chi^{2}=1$ . .
$\sin(\omega/2)=\tanh(\sqrt{\rho}s)$ , $\cos(\omega/2)=\mathrm{s}\mathrm{e}\mathrm{c}\mathrm{h}(\sqrt{\rho}s)$ .
, , .
Lemma 32 $C=(x, z)$ : $Iarrow \mathrm{R}^{2}$ (3) . , $\gamma\neq 0$ . ,
$(\mathrm{i})\sim(\mathrm{v}\mathrm{i})$ .
(i) $I=\mathrm{R}$ . .
(ii) $z$ .
(iii) Lemma 3.1 Case (iii) , $C$ . , .
$d_{0}>0$ ,




(iv) $z’(s_{1})=0$ $s_{1}$ .
(v) $z’(s_{1})=0$ , $C$ $\{x=x(s_{1})\}$ .
(vi) $\kappa(s_{2})=0$ , $C$ $C(s_{2})$ .
(i) Lemma 3.1 .
$z$ , (11) $(\gamma z+\kappa_{0})^{2}=2|\gamma|\cos\omega+a$ .
$C$ , .
(iv) , Lemma 3.1 Case (i), (ii) , . Case (iii)
, .
$z’(0)=\sin(\sigma(0))=2\sin(\sigma(0)/2)\cos(\sigma(0)/2)=2\tanh(0)\mathrm{s}\mathrm{e}\mathrm{c}\mathrm{h}(0)=0$.
(v) . $s$ ,
$s_{1}=0$ , $x(0)=0$ , $\kappa=\gamma z$
152
.





$\tilde{C}’(0)=(1,0)=C’(0)$ , $\tilde{C}’’(0)=(-x’’(0),z’’(0))=(0, z’’(0))=C’’(0)$
. , $C$ $\tilde{C}$ . ,
$C\equiv\tilde{C}$ , (v) .
(vi) . $s$ ,
$s_{2}=0$ , $C(0)=(0,0)$ , $\kappa=\gamma z$
.
$\tilde{C}:=(\tilde{x},\tilde{z})$ , $\tilde{x}(s):=-x(-s)$ , $\tilde{z}(s):=-z(-s)$
$\text{ }$ . $(\mathrm{v})$ , $C\equiv\tilde{C}$ , (vi) .
4
, $C=(x, z)$ : $[0, L]arrow \mathrm{R}^{2}$ Euler-Lagrange (3), (4) .
, $C$ .
Jacobi $J$ $B$ .
$J[p]=p”+(\kappa^{2}+\gamma x’)p$ ,
$B[p]=\{$
$p’-\kappa\cot(\theta)\overline{z}’p$ , $|\beta|<1$ ,
$p$ , $|\beta|=1$ .
, (2) $C$ 2 ,
Proposition 22 ,
$\mathrm{I}(p)=-\int_{C}pJ[p]ds+$ . $B[p]]_{0}^{L}$ , $p:=\langle\delta C, n\rangle$
. $|\beta|=1$ , (2) , $p(0)=p(L)=0$
. $C”=\kappa n$ ,
$x”$ =\kappa z’ $z”=-\kappa x’$
. (4), (5) ,
$J[x’]=\gamma$ , $B[x’]|_{\partial C}=0$ , (12)
$J[z’]=0$ , $B[z’]|_{\partial C}=\{$
$-\kappa/\sqrt{1-\beta}$ , $|\beta|<1$ ,
$\pm 1$ , $|\beta|=1$
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$\hslash[searrow]^{\backslash ^{\backslash }}/\pi\# 2\underline{\backslash }" L^{\vee}\supset=(\mathrm{i}:\hslash[searrow]^{\backslash }*\backslash \supset\delta\backslash \xi)$ .
$J$ Sturm-Liouville ,
$J[p]=-\lambda p$ in $[0, L]$ , $B[p]=0$ on $\partial[0, L]$ (13)
, , 1 . ,
$\lambda_{1}<\lambda_{2}<\lambda_{3}<\cdots$ . $\lambda_{1}$ (0
) . $\lambda_{i}$ $E_{i}$ , $L^{2}([0, L])$ $E_{i}$
$E_{i}^{[perp]}$ . $\lambda_{i}$ 1 $\varphi_{i}$ $\{\varphi_{i}\}_{i}$ $L^{2}([0, L])$
$\mathrm{o}\mathfrak{l}_{\tilde{}\grave{\mathrm{l}}}arrow\ovalbox{\tt\small REJECT}_{\sqrt}5\backslash ^{\backslash }\backslash \text{ }\mathrm{B}^{*}\mathrm{a}^{-}C^{\backslash }\backslash \text{ ^{}-}C_{\backslash }$
$\lambda_{1}=\mathrm{I}(\varphi_{1})=\min\{\mathrm{I}(p)|p\in C^{\infty}([0, L]), \int_{C}p^{2}ds=1\}$ ,
$\lambda_{i}=\mathrm{I}(\varphi_{i})=\min\{\mathrm{I}(p)|p\in C^{\infty}([0, L]),$ $\int_{C}p^{2}ds=1$ ,
$\int_{C}p\varphi_{j}ds=0(j=1, \cdots, i-1)\}$
(cf. [2, 6 \S 1]). , Lemma 4.1 , [3] Theorem 13(
) .
Lemma 41(I) $\lambda_{1}\geq 0$ , $C$ .
(II) $\lambda_{1}<0<\lambda_{2}$ , $J[u]=1,$ $B[u]|_{\partial C}=0$ $u\in C^{\infty}([0, L])$
, (II-1), (II-2) .
$( \mathrm{I}\mathrm{I}-1)\int_{C}uds\geq 0$ , $C$ .
$( \mathrm{I}\mathrm{I}-2)\int_{C}uds<0$ , $C$ .
(III) $\lambda_{1}<0=\lambda_{2}$ , (III-A), (III-B) .
$( \mathrm{I}\mathrm{I}\mathrm{I}-\mathrm{A})\int_{C}vds\neq 0$ $v\in E_{2}$ , $C$ .
(III-B) $v\in E_{2}$ $\int_{C}vds=0$ . ,
$u\in E_{2}^{[perp]}\cap C$“ $([0, L])$ , $J[u]=1,$ $B[u]|_{\partial C}=0$ .
, (III-BI), (III-B2) .
$( \mathrm{I}\mathrm{I}\mathrm{I}-\mathrm{B}1)\int_{C}uds\geq 0$ , $C$ .
$( \mathrm{I}\mathrm{I}\mathrm{I}-\mathrm{B}2)\int_{C}uds<0$ , $C$ .
(IV) $\lambda_{2}<0$ , $C$ .
Theorem 41 $\gamma=0$ , $C$ , $\lambda_{1}=0$ , L, , $C$
.
$C$ . , (5) , $C$ $x$
, $C$ $x’>0$ . , (12) ,
$x’$ $\lambda_{1}$ , $\lambda_{1}=0$ .
Proposition 4.1 $\lambda_{1}<0\leq\lambda_{2}$ $C$ , $\gamma>0$ . , $\lambda_{1}<0<\lambda_{2}$
$\gamma>0$ , $C$ .
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$\gamma=0$ , Theorem 4.1 , $\lambda_{1}=0$ .
$\gamma\neq 0$ . $u:=x’/\gamma$ , $J[u]=1,$ $B[u]|_{\partial C}=0$ { . ,
$\int_{C}uds=\gamma^{-1}\int_{C}x’ds=\gamma^{-1}(x(L)-x(0))$ .
Lemma 4.1 , .
Theorem 42 $C$ . ,
(i) $\gamma\leq 0$ , $C$ .
(ii) $\gamma>0$ , .
$C$ . $\Leftrightarrow\lambda_{2}\geq 0$ . $\Leftrightarrow L\leq\pi/\sqrt{\gamma}$.
$\gamma=0$ Theorem 4.1 , $\gamma\neq 0$ .
$0\equiv\kappa=\gamma z+\kappa_{0}$ , $z\equiv-\kappa_{0}/\gamma=$ . , 2
$\mathrm{I}(p)=\int_{0}^{L}(p’(x))^{2}-\gamma(p(x))^{2}dx$
, $\gamma<0$ $C$ .
, $\gamma>0$ .
$J[p]=-\lambda p$ in $[0, L]$ , $B[p]=p’=0$ on $\partial[0, L]$
$n$ $\lambda_{n}$ $\{(n-1)\pi/L\}^{2}-\gamma$ , $c\cos((n-1)\pi s/L)$
. , $J[1]=\gamma,$ $B[1]|_{\partial[0,L]}=0$ , Lemma 4.1 , $C$
$\lambda_{2}\geq 0$ , . ,
$\lambda_{2}\geq 0\Leftrightarrow L\leq\pi/\sqrt{\gamma}$
.
Theorem 43 $C$ , $\gamma<0$ . ,
(i) $\kappa$ $C$ .
(ii) $C$ , $x$ .
(iii) $C$ , .
3 , $\cos\sigma:=x’,$ $\sin\sigma=z’$ $\text{ }$ . (4), (5), $C$
,
$-\pi/2\leq\sigma(0)\leq\pi/2$ , $-\pi/2\leq\sigma(L)\leq\pi/2$ , $\sigma(L)=-\sigma(0)$ (14)
. , (5) , $z$ $(0, L)$ .
$z$ $s_{2}\in(0, L)$ . , $n(s_{2})=(0, -1),$ $\kappa(s_{2})>0$
. , $\gamma<0$ , $[0, L]$ $\kappa=\gamma z+\kappa_{0}>0$ . $\sigma’=-\kappa$
, $\sigma$ $[0, L]$ . , (14) ,
$-\pi/2\leq\sigma(L)<\sigma(s)<\sigma(0)\leq\pi/2$ , $\forall s\in(0, L)$
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. ,
$x’(s)=\cos\sigma(s)>0$ , $\forall s\in(0, L)$
, $C$ $x$ . $z$ $s_{2}\in(0, L)$
, , (i) (ii) .




$\mathrm{I}..\sim\mathrm{B}\grave{\grave{\backslash }}\text{ },$ $C\text{ }\{\neq_{l}\text{ }\urcorner \mathrm{p}\acute{\{}\#\text{ }p\#\mathrm{h}p=\zeta x’\text{ }\mathrm{g}\text{ }$ . $\mathrm{H}_{\mathrm{B}}\text{ }fs_{0}^{\wedge}\mp \text{ }|_{\tilde{}}$ A $\text{ }$ ,
$\mathrm{I}(p)$ $=$ $- \int_{C}\zeta x’J[\zeta x’]ds+[\zeta x’B[\zeta x’]]_{0}^{L}$
$=$ $- \int_{C}\zeta^{2}x’J[x’]ds+\int_{C}(x’)^{2}((’)^{2}ds+[\zeta^{2}x’B[x’]]_{0}^{L}$
$=$ $- \int_{C}\zeta^{2}(\gamma x’)ds+\int_{C}(x’)^{2}(\zeta’)^{2}ds$
$\geq$ 0
. , $C$ . $|\beta|=1$ , .
, $\gamma\leq 0$ , $C$ . ,
$\gamma>0$ . $C$ , Theorem 42
, $C$ .
Lemma 42 $C$ . , Case(I)\sim Case(V) 5
.
Case(I) $C$ ( $\kappa=0$ ) .
Case(II) $C$ 1 .
Case(III) $C$ , .
Case(IV) $C$ , 2 , 1 $z’$ .
Case(V) $C$ , $z’$ 3 .
$\kappa’=\gamma z’$ , 2 $z’$ 1 .
[ , $z’$ [ . , $z”(s)=z’(s)=0$
. , , $z”=-\kappa x’$ $\kappa(s)=0$
. , $C$ (Lemma 32 (v), (vi)) , $C$
. . , $z’(0)=-z’(L)$ , $z$’
. Lemma 2.1 .
$C$ .
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Theorem 4.4 $\gamma>0$ , $C$ . , Lemma 42
, $C$ .
Case(I) $\lambda_{2}>0$ , $C$ .
Case(II) $C$ .
Case(III) $\lambda_{2}=0$ , $C$ .
Case(IV) $C$ .
Case(V) $C$ .
$|\beta|<1$ . $|\beta|=1$ . Theorem 43
, $\cos\sigma:=x’,$ $\sin\sigma=z’$ .
Case(I): $C$ $\sigma’=-\kappa\neq 0$ , $\sigma(s)$ . $C$
, Theorem 43 ,
$-\pi/2<\sigma(s)<\pi/2$ , $\forall s\in(0, L)$
. , $z’$ $(0, L)$ $s_{1}$ .
, $z$ $s=s_{1}$ , . , $n(s_{1})=(0, -1),$ $\sigma(s_{1})=0$
. $z(s_{1})$ $z$ , $\kappa(s_{1})>0$ , , $z’(0)>0$ .
, $z’(0)\kappa(0)>0$ . $z(s_{1})$ $z$ ,
,
$z’(0)\kappa(0)>0$ , $z’(L)\kappa(L)<0$ (15)
.
, $\hat{s}\in(0, L)$ ,
$J[p]=-\lambda p$ in $[0, \hat{s}]$ , $B[p]|_{s=0}=0$ , $p(\hat{s})=0$
, $\lambda_{1}^{0}([0,\hat{s}])$ . ,
$J[p]=-\lambda p$ in $[\hat{s}, L]$ , $p(\hat{s})=0$ , $B[p]|_{s=L}=0$
$\lambda_{1}^{L}([\hat{s}, L])$ .
min-max $\ovalbox{\tt\small REJECT}_{\backslash }\text{ }[]^{\wedge}$.A $\text{ }$ ,
$\lambda_{1}^{0}([0,\hat{s}])=\min\{-\int_{C}pJ[p]ds/\int_{C}p^{2}ds|p\in C^{\infty}([0,\hat{s}]),$ $B[p]|_{s=0}=0,p(\hat{s})=0\}$
$= \min\{-\int_{C}pJ[p]ds/\int_{C}p^{2}ds|p\in C^{0}.([0,\hat{s}])$ , p $[0,\hat{s}]$ C2 ,
$B[p]|_{s=0}=0,p(\hat{s})=0\}$ (16)
. (16) $\lambda_{1}^{L}$ , $\lambda_{1}^{0}$ $\lambda_{1}^{L}$ . ,
Claim 1 $0<\sigma_{0}<\sigma_{1}<L$ ,
$\lambda_{1}^{0}([0, \sigma_{0}])$ $>$ $\lambda_{1}^{0}([0, \sigma_{1}])$ , (17)
$\lambda_{1}^{L}([\sigma_{0}, L])$ $<$ $\lambda_{1}^{L}([\sigma_{1}, L])$
.
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$-X,$ $s_{1}[]_{arrow}’X1\backslash \mathrm{b}^{-}C\mathrm{V}\mathrm{J},$ $\prime R\backslash \hslash[searrow]^{\backslash ^{\backslash }}R[perp]\backslash " \mathrm{T}$.
Claim 2
$\lambda_{1}^{0}([0, s_{1}])$ $>$ 0, (18)
$\lambda_{1}^{L}([s_{1}, L])$ $>$ 0. (19)
Claim 2 $p:[0, s_{1}]arrow \mathrm{R}$
$B[p]|_{s=0}=0$ , $p(s_{1})=0$
$C^{\infty}$ . Lemma 42 $z”(s_{1})\neq 0$ ,
$[0, s_{1}]$ $\varphi=p/z’$ . , $p=\varphi z’$ ,





$- \int_{0}^{s_{1}}pJ[p]ds$ $=$ $\int_{0}^{s_{1}}(z’)^{2}(\varphi’)^{2}ds-\varphi^{2}z’B[z’]|_{s=0}$
$=$ $\int_{0}^{s_{1}}(z’)^{2}(\varphi’)^{2}ds+\varphi^{2}z’\kappa/\sqrt{1-\beta^{2}}|_{s=0}$
$>$ 0
, (18) . , (19) .
$\lambda_{2}\leq 0$ . $e$ $\lambda_{2}$ ,
$J[e]=-\lambda_{2}e$ , $B[e]|_{\partial C}=0$
, $e(s_{0})=0$ $s_{0}\in(0, L)$ . $e$ $(0, s_{0})$ 0[ ,
$\ovalbox{\tt\small REJECT}_{[0,s\mathrm{o}]}$ t $\lambda_{1}^{0}([0, s_{0}])$ . ,
$\lambda_{1}^{0}([0, s_{0}])=\lambda_{2}\leq 0$ (20)
. ,
$\lambda_{1}^{L}([s_{0}, L])=\lambda_{2}\leq 0$ (21)
.
$\ovalbox{\tt\small REJECT}<s_{1}$ , (18), (20), (17) . , $s_{0}>s_{1}$
. , $s_{0}=s_{1}$ . , (18)\sim (21) .
, $\lambda_{2}>0$ .
Case(II): Lemma 42 , $z’(s)=z”(s)=0$ .
, $\kappa=\gamma z+\kappa_{0}$ $z”=-\kappa x’$ , $\kappa$ . ,
Lemma 2.1 ,
$\kappa(L)+\kappa(0)=0,$ $\kappa(0)\neq 0$ (22)
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$\hslash\backslash [searrow]^{\backslash }\mathrm{E}\mathfrak{T}\underline{\backslash }"[perp] \mathrm{T}\xi)$ . $\mathrm{b}\Gamma_{arrow}^{-}\hslash\backslash -\supset C\backslash ^{\backslash }-,$ $\kappa l\mathrm{X},$ $b$ $s_{2}\in(0, L)arrow C^{\backslash }\backslash 0l:fs\xi)$.
Claim 3
$\int_{C}z’ds\neq 0$ , $\int_{C}z’\kappa^{3}ds=0$ . (23)
Claim 3 Lemma 32(vi) $z’(L)=-z’(0)$ , Case(II-l)\sim (II-3)
.
Case(II-l) $C([0, s_{2}])$ $C([s_{2}, L])$ $C(s_{2})$ .
Case(II-2) $s_{3}\in(0, s_{2})$ , $C([s_{3}, s_{2}])$ $C([s_{2}, L])$ $C(s_{2})$
.
Case(II-3) $s_{3}\in(s_{2}, L)$ , $C([0, s_{2}])$ $C([s_{2}, s_{3}])$ $C(s_{2})$
.
$z’(s)\neq 0$ , $\forall s\in(0, L)$ (24)
. Case(II-l) . , Case(II-2) ,
$\kappa(0)=\kappa(s_{3})$ , $\kappa=\gamma z+\kappa_{0}$ $z(0)=z(s_{3})$ . $z’(s)=0$ $s\in(0, s_{3})$
, (24) . Case(II-3) .
Case(II-l) , (23) .
, $z’(s)=0$ $s\in(0, L)$ . Lemma 42
, $(0, L)$ $z’$ .
$s_{1}$ . (22) $\kappa(0)\neq\kappa(L)$ , $z(0)\neq z(L)$ . , Lemma 32
(v) , (A), (B) .
(A) $s_{4}\in(s_{1}, L)$ , $C([0, s_{1}])$ $C([s_{1}, s_{4}])$ $\{x=x(s_{1})\}$ [
.
(B) $s_{4}\in(0, s_{1})$ , $C([s_{4}, s_{1}])$ $C([s_{1}, L])$ $\{x=x(s_{1})\}$ I
.
(A) . , $\kappa(s_{4})=-\kappa(L)$ . , $\kappa’=\gamma z’$ $(s_{4}, L)$ 0
. , Case(II-2) $s_{4}=s_{2}$ . ,
$\int_{C}z’ds$ $=$ $\int_{s_{4}}^{L}z’ds\neq 0$ ,
$\int_{C}z’\kappa^{3}ds$ $=$ $\int_{0}^{s_{4}}z’\kappa^{3}ds+\int_{s_{4}}^{L}z’\kappa^{3}ds=0+0=0$.
(B) (23) .
, $\kappa’’=\gamma z’’=-\gamma\kappa x’$ ,
$J[z’]=0$ , $J[\kappa]=\kappa^{3}$ , (25)





, $u=az’+\kappa$ . ,
$\int_{C}uds=0$ (27)
.









. (28) (29) ,
$\mathrm{I}[u]=-\int_{C}\kappa^{4}ds<0$
. (27) $C$ .
Case (III): $\kappa’=\gamma z’$ , $(0, L)$ $z’$ 1 . $C$
(Lemma 3.2 (v)) Case (III) , $z’$ $s_{1}\in(0, L)$ , $C$
$\{x=x(s_{1})\}$ C .
$J[z’]=0$ , $B[z’]|_{\partial C}=0$
$z’$ $C$ 0 , 0 (13) 2
.
$J[x’]=\gamma$ , $B[x’]|_{\partial C}=0$ , $\int_{C}(x’/\gamma)ds>0$
, 1, , $C$ $\int_{0}^{L}z’ds=0,$ $\int_{0}^{L}x’z’ds=0$
. , Lemma 4.1 , $C$ .
Case (IV): $z’$ $s_{1}$ . $z”=-\kappa x’,$ $x’(0)>0,$ $x’(L)>0$ $z’$ $z’$’






Case (V): $C_{0}\subset\subset C$ $z’=0$ .
, $z’$
$J[p]=-\lambda p$ in $C_{0}$ , $p|_{\partial C_{0}}=0$
2 0 . , , $C$ ,
2 , . ,
.
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